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(3)  Sense  amplifier  circuit. 

A  sense  amplifier  circuit  comprising  of  one  or  two  diffe- 
rential  amplifiers  to  each  of  which  are  connected  one  or  two 
reference  transistors  (Q15,  Q'15  resp.  Q25,  Q'25)  for  producing 
the  reference  voltages  (V'Ri  resp.  V'R2)  of  the  corresponding 
differential  amplifiers.  The  reference  transistors  are  control- 
led  by  input  signals  (e.g.  Vi1)  and/or  output  signals  (e.g.  V02) 
of  the  differential  amplifiers. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  s e n s e   a m p l i f i e r  
c i r c u i t   f o r   d e t e c t i n g   and  a m p l i f y i n g   two  b i p o l a r   d i f f e r e n t i a l  

s i g n a l s .   The  c i r c u i t   s e r v e s   as  an  i n t e r f a c e   b e t w e e n   t h e  

memory  p o r t i o n   and  the   l o g i c   p o r t i o n   of  a  c o m p u t e r .  
In  g e n e r a l ,   the   v o l t a g e s   Vi I   and  Vi2  of  two  b i p o l a r  

d i f f e r e n t i a l   s i g n a l s   can  be  r e p r e s e n t e d   as  f o l l o w s .  

w h e r e   V  i s   a  common  d i r e c t   c o m p o n e n t   of  t h e   two  s i g n a l s ,   a n d  

V d  i s   a  d i f f e r e n t i a l   c o m p o n e n t   of  t h e   two  s i g n a l s .   In  a  

memory  such   as  an  MOS  ( M e t a l   Ox ide   S e m i c o n d u c t o r )   m e m o r y  
of  a  c o m p u t e r ,   t h e   v a l u e   of  V d  i s ,   f o r   e x a m p l e ,   a b o u t  

0 .5   v o l t   ( w h i c h   v a l u e   is  c a l l e d   an  MOS  l e v e l ) ,   w h i l e ,   in  a  

l o g i c   such   as  a  TTL  ( T r a n s i s t o r   T r a n s i s t o r   L o g i c )   i n v e r t e r  

of   t h e   c o m p u t e r ,   t h e   v a l u e   of  V d  i s   a b o u t   1.5  v o l t s   ( w h i c h  

v a l u e   i s   c a l l e d   a  TTL  l e v e l ) .   In  g e n e r a l ,   t h e   MOS  l e v e l  

i s   v e r y   s m a l l   c o m p a r e d   w i t h   t h e   TTL  l e v e l ,   so  t h a t   t h e  

s i g n a l s   of  t h e   MOS  l e v e l   c a n n o t   o p e r a t e   the   TTL  i n v e r t e r .  

As  a  r e s u l t ,   t he   memory  is   p r o v i d e d   w i t h   a  s e n s e   a m p l i f i e r  

c i r c u i t   f o r   c h a n g i n g   an  MOS  l e v e l   of  two  p i p o l a r   d i f f e r e n t i a l  

s i g n a l s   to   a  TTL  l e v e l   t h e r e o f .   T h e r e f o r e ,   t h e   s e n s e  

a m p l i f i e r   c i r c u i t   s e r v e s   as  an  i n t e r f a c e   b e t w e e n   t h e  

memory  p o r t i o n   and  the   l o g i c   p o r t i o n   of  t he   c o m p u t e r .  
The  p r i o r   a r t   s e n s e   a m p l i f i e r   c i r c u i t   c o m p r i s e s   t w o  

or   more  d i f f e r e n t i a l   a m p l i f i e r s   to  each   of  w h i c h   a  r e f e r e n c e  

t r a n s i s t o r   f o r   p r o d u c i n g   t h e   r e f e r e n c e   o p e r a t i n g   v o l t a g e  
of   e a c h   of  t h e   d i f f e r e n t i a l   a m p l i f i e r s   i s   c o n n e c t e d .   E a c h  

of   t h e   r e f e r e n c e   o p e r a t i n g   v o l t a g e s   i s   p r e s e t   to  be  a l m o s t  

c o n s t a n t   so  t h a t   t he   d i f f e r e n c e   in  p o t e n t i a l   b e t w e e n   t h e  

two  b i p o l a r   d i f f e r e n t i a l   s i g n a l s   can  be  a m p l i f i e d   by  t h e  

d i f f e r e n t i a l   a m p l i f i e r s .   In  t he   c a s e   of  p r o v i d i n g   t w o  

d i f f e r e n t i a l   a m p l i f i e r s ,   t h e   d i f f e r e n c e   in  p o t e n t i a l  

b e t w e e n   two  b i p o l a r   d i f f e r e n t i a l   s i g n a l s   is  a m p l i f i e d   by  a  
f i r s t   d i f f e r e n t i a l   a m p l i f i e r   a n d ,   a f t e r   t h a t ,   t he   a m p l i f i e d  
d i f f e r e n c e   in  p o t e n t i a l   is   a m p l i f i e d   by  a  s e c o n d   d i f f e r e n t i a l  



a m p l i f i e r   whose   o u t p u t   s i g n a l s   a r e   a p p l i e d   to  a  l o g i c   s u c h  

as  a  TTL  i n v e r t e r .  

H o w e v e r ,   in  t h e   p r i o r   a r t   s e n s e   a m p l i f i e r   c i r c u i t ,  

t h e   s e n s i n g   s p e e d   i s   low,  s i n c e   t h e   s e n s i n g   o p e r a t i o n   i s  

e f f e c t e d   by  a  two  or  more  s t a g e   a m p l i f i c a t i o n   and  t h e  

c h a n g e   of  t h e   c o n d u c t a n c e s   of  i n p u t   t r a n s i s t o r s   f o r m i n g  

t h e   d i f f e r e n t i a l   a m p l i f i e r s   i s   n o t   s m a l l   due  to  t h e   c o n s t a n t  

of   t he   r e f e r e n c e   v o l t a g e s .   In  a d d i t i o n ,   t h e   s e n s i n g  

o p e r a t i o n   i s   u n s t a b l e ,   s i n c e   t h e   c o n s t a n t   r e f e r e n c e   v o l t a g e s  

a r e   c h a n g e d   r e s p o n s i v e   to   t h e   c h a n g e   of  a  power   s u p p l y  

v o l t a g e .   At  w o r s t ,   i t   may  h a p p e n   t h a t   t h e   s e n s i n g   o p e r a t i o n  

i s   n o t   e f f e c t e d .  

I t   i s   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to   p r o v i d e  

a  s e n s e   a m p l i f i e r   c i r c u i t   p e r f o r m i n g   a  s t a b l e   and  h i g h - s p e e d  

s e n s i n g   o p e r a t i o n .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d  

a  s e n s e   a m p l i f i e r   c i r c u i t   c o m p r i s i n g   a  d i f f e r e n t i a l   a m p l i -  

f i e r ,   c o n n e c t e d   to   a  f i r s t   p o w e r   s u p p l y   l i n e   (VDD),  w h i c h  

r e c e i v e s   f i r s t   and  s e c o n d   i n p u t   s i g n a l s   w i t h   d i f f e r e n t  

p h a s e s ,   and ;   one  or   two  r e f e r e n c e   t r a n s i s t o r s   c o n n e c t e d  

b e t w e e n   t h e   d i f f e r e n t i a l   a m p l i f i e r   and  a  s e c o n d   p o w e r  

s u p p l y   l i n e   (Vss )   and  c o n t r o l l e d   by  t h e   f i r s t   i n p u t   s i g n a l  

or   one  o u t p u t   s i g n a l   of  t h e   d i f f e r e n t i a l   a m p l i f i e r   w h o s e  

p h a s e   i s   t h e   same  as  t h a t   of  t h e   f i r s t   i n p u t   s i g n a l ,  

w h e r e b y   t h e   o t h e r   o u t p u t   s i g n a l   of  t h e   d i f f e r e n t i a l   a m p l i f i e r  

s e r v e s   as  an  o u t p u t   s i g n a l   of  t h e   s e n s e   a m p l i f i e r   c i r c u i t .  

T h i s   s e n s e   a m p l i f i e r   c i r c u i t   can   be  a p p l i e d   to  t h e   c a s e  

w h e r e i n   o n l y   one  d i f f e r e n t i a l   s i g n a l   i s   n e e d e d .  

A c c o r d i n g   to   t he   p r e s e n t   i n v e n t i o n ,   t h e r e   i s   a l s o  

p r o v i d e d   a  s e n s e   a m p l i f i e r   c i r c u i t   c o m p r i s i n g :   f i r s t   a n d  

s e c o n d   d i f f e r e n t i a l   a m p l i f i e r s ,   c o n n e c t e d   to  a  f i r s t   p o w e r  

s u p p l y   l i n e   ( V  ) ,   w h i c h   r e c e i v e s   f i r s t   and  s e c o n d   i n p u t  

s i g n a l s   w i t h   d i f f e r e n t   p h a s e s ;   one  or  two  r e f e r e n c e   t r a n s i s -  

t o r s   c o n n e c t e d   b e t w e e n   t h e   f i r s t   d i f f e r e n t i a l   a m p l i f i e r  

and  a  s e c o n d   p o w e r   s u p p l y   l i n e   (VSS)  and  c o n t r o l l e d   by  t h e  

f i r s t   i n p u t   s i g n a l   or  one  o u t p u t   s i g n a l   of  t h e   f i r s t   o r  

s e c o n d   d i f f e r e n t i a l   a m p l i f i e r   whose   p h a s e   i s   t h e   same  a s  



t h a t   of  t h e   f i r s t   i n p u t   s i g n a l ,   and ;   one  or  two  r e f e r e n c e  

t r a n s i s t o r s   c o n n e c t e d   b e t w e e n   t he   s e c o n d   d i f f e r e n t i a l  

a m p l i f i e r   and  t he   s e c o n d   p o w e r   s u p p l y   l i n e   (Vss )   a n d  

c o n t r o l l e d   by  t h e   s e c o n d   i n p u t   s i g n a l   or  one  o u t p u t   s i g n a l  

of  t h e   f i r s t   or  s e c o n d   d i f f e r e n t i a l   a m p l i f i e r   whose   p h a s e  

i s   t h e   same  as  t h a t   of  t h e   s e c o n d   i n p u t   s i g n a l ,   w h e r e b y  

t h e   o t h e r   o u t p u t   s i g n a l s   of  t h e   f i r s t   and  s e c o n d   d i f f e r e n t i a l  

a m p l i f i e r   s e r v e   as  two  o u t p u t   s i g n a l s   of  t he   s e n s e   a m p l i f i e r  

c i r c u i t .   T h i s   s e n s e   a m p l i f i e r   c i r c u i t   can  be  a p p l i e d   t o  

t h e   c a s e   w h e r e i n   two  d i f f e r e n t i a l   s i g n a l s   a r e   n e e d e d .  

In  t h e   a b o v e - m e n t i o n e d   s e n s e   a m p l i f i e r   c i r c u i t s  

a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   t h e   r e f e r e n c e   v o l t a g e s  

a r e   c h a n g e a b l e   r e s p o n s i v e   to   t h e   i n p u t   s i g n a l s   so  t h a t   t h e  

c o n d u c t a n c e s   of  i n p u t   t r a n s i s t o r s   a re   f o r c e d   to   be  l a r g e .  

As  a  r e s u l t ,   t h e   i n p u t   t r a n s i s t o r s   r a p i d l y   c o n d u c t .   I n  

a d d i t i o n ,   t h e   s e n s e   o p e r a t i o n   can  be  e f f e c t e d   by  o n e - s t a g e  

a m p l i f i c a t i o n ,   even   i f   t h e   s e n s e   a m p l i f i e r   c i r c u i t   c o m p r i s e s  

two  d i f f e r e n t i a l   a m p l i f i e r s   ( i n   t h i s   c a s e ,   b o t h   of  t h e  

d i f f e r e n t i a l   a m p l i f i e r s   can  be  o p e r a t e d   s i m u l t a n e o u s l y ) .  

T h e r e f o r e ,   t h e   s e n s i n g   s p e e d   by  t he   c i r c u i t   of  t h e   p r e s e n t  

i n v e n t i o n   b e c o m e s   h i g h e r   as  c o m p a r e d   w i t h   t h e   p r i o r   a r t .  

In  a d d i t i o n ,   t h e   s e n s i n g   o p e r a t i o n   by  the   c i r c u i t   of  t h e  

p r e s e n t   i n v e n t i o n   b e c o m e s   s t a b l e ,   s i n c e   the   v o l t a g e   a p p l i e d  

to   t h e   g a t e   of  one  of  t h e   i n p u t   t r a n s i s t o r s   and  t he   r e f e r e n c e  

v o l t a g e   t h e r e o f   a r e   c h a n g e d   to   o p p o s i t i o n   d i r e c t i o n s ,   s o  

t h a t   t h e   i n p u t   t r a n s i s t o r s   can   be  e a s i l y   o p e r a t e d .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  more  c l e a r l y   u n d e r s t o o d  

f rom  t h e   f o l l o w i n g   d e s c r i p t i o n   w i t h   r e f e r e n c e   to  t h e  

a c c o m p a n y i n g   d r a w i n g s   w h e r e i n :  

F i g .   1  i s   a  b l o c k   c i r c u i t   d i a g r a m   i l l u s t r a t i n g   a 

g e n e r a l   s t a t i c   memory  i n c l u d i n g   a  s e n s e   a m p l i f i e r   c i r c u i t ;  

F i g .   2  i s   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   a  

memory  c e l l   in  t he   memory  of  F i g .   1 ;  

F i g .   3  i s   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   t h e  

p r i o r   a r t   s e n s e   a m p l i f i e r   c i r c u i t ;  

F i g .   4  i s   a  t i m i n g   d i a g r a m   s h o w i n g   t he   s i g n a l s  

a p p e a r i n g   in  t h e   s e n s e   a m p l i f i e r   c i r c u i t   of  F i g .   3 ;  



F i g .   5  i s   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   a  f i r s t  

e m b o d i m e n t   of  t h e   s e n s e   a m p l i f i e r   c i r c u i t   of  t h e   p r e s e n t  

i n v e n t i o n ;  

F i g .   6  i s   a  t i m i n g   d i a g r a m   s h o w i n g   t h e   s i g n a l s  

a p p e a r i n g   in  t h e   s e n s e   a m p l i f i e r   c i r c u i t   of  F i g .   5 ;  

F i g .   7  i s   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   a  

s e c o n d   e m b o d i m e n t   of  t h e   s e n s e   a m p l i f i e r   c i r c u i t   of  t h e  

p r e s e n t   i n v e n t i o n ;  

F i g .   8  i s   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   a  t h i r d  

e m b o d i m e n t   of  t h e   s e n s e   a m p l i f i e r   c i r c u i t   of  t h e   p r e s e n t  

i n v e n t i o n ;  

F i g .   9  i s   a  t i m i n g   d i a g r a m   s h o w i n g   t h e   s i g n a l s  

a p p e a r i n g   in  t h e   s e n s e   a m p l i f i e r   c i r c u i t   of  F i g .   8,  a n d ;  

F i g .   10,  11A,  11B  and  12  a r e   c i r c u i t   d i a g r a m s  

i l l u s t r a t i n g   f o u r t h ,   f i f t h ,   s i x t h   and  s e v e n t h   e m b o d i m e n t s  

of  t h e   s e n s e   a m p l i f i e r   c i r c u i t   of  t he   p r e s e n t   i n v e n t i o n ,  

r e s p e c t i v e l y .  

In  F i g .   1,  t h e   memory  such   as  a  s t a t i c   MOS  m e m o r y  

c o m p r i s e s   a  c e l l   a r r a y   c o m p o s e d   of  memory  c e l l s   (n  rows  x  

n  c o l u m n s ) .   For   e x a m p l e ,   when  a  memory  c e l l   C11  in   t h e  

f i r s t   row  of  t h e   f i r s t   c o l u m n   is   s e l e c t e d ,   t h e   p o t e n t i a l  

of  a  row  a d d r e s s   s i g n a l   X1  i s   c h a n g e d   f rom  low  to  h i g h   b y  

a  row  d e c o d e r   ( n o t   shown)   a n d ,   a c c o r d i n g l y ,   t h e   p o t e n t i a l  

a t   a  word   l i n e   WL1  i s   c h a n g e d   f rom  low  to  h i g h .   In  a d d i t i o n ,  

t h e   p o t e n t i a l   of  a  c o l u m n   s i g n a l   Y1  i s   c h a n g e d   f rom  low  t o  

h i g h   by  a  c o l u m n   d e c o d e r   ( n o t   shown)  a n d ,   a c c o r d i n g l y ,   b i t  

l i n e s   BL1  and  B L 1  a r e   c o n n e c t e d   to  d a t a   b i t   l i n e s   DB  a n d  

DB,  r e s p e c t i v e l y .   As  a  r e s u l t ,   two  d i f f e r e n t   v o l t a g e s   a t  

t h e   d a t a   b i t   l i n e s   DB  and  DB  whose   d i f f e r e n c e   i s   at   an  MOS 

l e v e l   i s   a p p l i e d   to  a  s e n s e   a m p l i f i e r   c i r c u i t   1  so  t h a t  

t h e   s e n s e   a m p l i f i e r   c i r c u i t   1  p r o d u c e s   s i g n a l s   S  a n d  S  

whose   d i f f e r e n c e   in  p o t e n t i a l   i s   at   a  TTL  l e v e l .  

F i g .   2  i s   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   a  m e m o r y  
c e l l   in  t h e   memory  of  F i g .   1.  In  F i g .   2,  t h e   l o g i c   " I "  

s t a t e   of  t he   memory  c e l l   C i j   c o r r e s p o n d s   to  t h e   s t a t e  

w h e r e i n   t h e   p o t e n t i a l s   a t   P1  and  P2  a r e   low  and  h i g h ,  

r e s p e c t i v e l y ,   i . e . ,   t h a t   an  MOS  t r a n s i s t o r   Q1  i s   c o n d u c t i v e  



and   a  MOS  t r a n s i s t o r   Q2  i s   n o n - c o n d u c t i v e .   S i m i l a r l y ,   t h e  

l o g i c   "0"  s t a t e   of  t he   m e m o r y ' c e l l   C i j   c o r r e s p o n d s   to  t h e  

s t a t e   w h e r e i n   t he   p o t e n t i a l s   a t   P1  and  P 2  a r e   h i g h   a n d  

l ow ,   r e s p e c t i v e l y ,   i . e . ,   t h a t   t he   t r a n s i s t o r   Q1  is   n o n -  

- c o n d u c t i v e   and  the   t r a n s i s t o r   Q2  i s   c o n d u c t i v e .   The  

r e a d - o u t   o p e r a t i o n   of  t he   memory  c e l l   C i j   i s   c a r r i e d   o u t  

by  t h e   s i g n a l s   Xi  and  Y.  ( n o t   shown)   whose   p o t e n t i a l s   a r e  

h i g h .   As  a  r e s u l t ,   t he   MOS  t r a n s i s t o r s   Q3  and  Q4  a r e  

c o n d u c t i v e ,   so  t h a t   t h e   s i g n a l s   r e p r e s e n t i n g   t h e   l o g i c   " 1 "  

or   "0"  a p p e a r i n g   in  t h e   b i t   l i n e s   BLj  and  BLj  a r e   t r a n s m i t t e d  

t h r o u g h   the   d a t a   b i t   l i n e s   DB  and  DB  to   t h e   s e n s e   a m p l i f i e r  

c i r c u i t   1  ( F i g .   1 ) .   Thus ,   t h e   l o g i c   "1"  or   "0"  i s   r e a d  

o u t   by  means  of  t h e   s e n s e   a m p l i f i e r   c i r c u i t   1 .  

F i g .   3  i s   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   the   p r i o r  

a r t   s e n s e   a m p l i f i e r   c i r c u i t .   The  s e n s e   a m p l i f i e r   c i r c u i t  

c o m p r i s e s   two  d i f f e r e n t i a l   a m p l i f i e r s   and  two  r e f e r e n c e  

MOS  t r a n s i s t o r s   Q15  and  Q25  f o r   d e t e r m i n i n g   t he   r e f e r e n c e  

v o l t a g e s   of  t h e   d i f f e r e n t i a l   a m p l i f i e r s .   The  f i r s t   one  o f  

t h e   d i f f e r e n t i a l   a m p l i f i e r s   i s   c o m p o s e d   of  two  l oad   MOS 

t r a n s i s t o r s   Q11  and  Q13  whose   d r a i n s   and  g a t e s   a re   c o n n e c t e d ,  

r e s p e c t i v e l y ,   and  two  i n p u t   MOS  t r a n s i s t o r   Q12  and  Q 1 4  ,  
w h i l e   t h e   s e c o n d   one  is   c o m p o s e d   of  two  l o a d   MOS  t r a n s i s t o r s  

Q21  and  Q23  whose   d r a i n s   and  g a t e s   a r e   c o n n e c t e d ,   r e s p e c -  
t i v e l y ,   and  two  i n p u t   MOS  t r a n s i s t o r s   Q23  and  Q24.  T h e  

v o l t a g e s   VC1  and  VC2  a r e   p r e s e t   to  be  c o n s t a n t   so  t h a t   t h e  

r e f e r e n c e   v o l t a g e s   VRl  and  VR2  a r e   a l m o s t   c o n s t a n t .   I n  

t h i s   c a s e ,   t he   v o l t a g e   VC1  i s   l o w e r   t h a n   t h e   v o l t a g e   VC2 
so  t h a t   t he   r e f e r e n c e   v o l t a g e   VR1  i s   h i g h e r   t h a n   t h e  

r e f e r e n c e   v o l t a g e   VR2.  Two  v o l t a g e s   V '01   and  V'02  w h i c h  

a r e   o u t p u t t e d   from  t h e   s e c o n d   d i f f e r e n t i a l   a m p l i f i e r   s e r v e  

as  o u t p u t   v o l t a g e s   of  t h e   s e n s e   a m p l i f i e r   c i r c u i t .  

The  o p e r a t i o n   of  t h e   s e n s e   a m p l i f i e r   c i r c u i t   o f  

F i g .   3  w i l l   be  e x p l a i n e d   b e l o w .   Al l   t h e   MOS  t r a n s i s t o r s  

u s e d   in  F i g .   3  a r e ,   f o r   e x a m p l e ,   n - c h a n n e l   MOS  t r a n s i s t o r s  

whose   t h r e s h o l d   v o l t a g e   Vth  i s ,   f o r   e x a m p l e ,   a b o u t . 0 . 7   v o l t .  

The  power   s u p p l y   v o l t a g e s   VDD  and  VSS  a r e ,   f o r   e x a m p l e ,  

5  v o l t s   and  0  v o l t ,   r e s p e c t i v e l y .   F i g .   4  i s   a  t i m i n g  



d i a g r a m   s h o w i n g   t h e   s i g n a l s   a p p e a r i n g   in  t he   s e n s e   a m p l i f i e r  

c i r c u i t   of  F i g .   3.  As  i l l u s t r a t e d   in  F i g .   4,  t h e   v o l t a g e s  

VR1  and  VR2  a r e   c o n s t a n t .   When  the   i n p u t   v o l t a g e s   V i l   a n d  

Vi2  whose   v a l u e s   a r e ,   f o r   e x a m p l e ,   4  v o l t s   and  3  v o l t s ,  

r e s p e c t i v e l y ,   a r e   a p p l i e d   to   t h e   MOS  t r a n s i s t o r s   Q12  a n d  

Q 1 4  ,   r e s p e c t i v e l y ,   t h e   MOS  t r a n s i s t o r   Q12  c o n d u c t s   a n d  

t h e   MOS  t r a n s i s t o r   Q14  r e m a i n s   n o n - c o n d u c t i v e .   In  t h i s  

c a s e ,   t h e   i n p u t   v o l t a g e s   Vi1  and  Vi2  s a t i s f y   t h e   f o l l o w i n g  

i n e q u a l i t i e s .  

As  a  r e s u l t ,   t h e   v o l t a g e   V01  b e c o m e s   a t   a b o u t   2 .5  v o l t s  

and  t h e   v o l t a g e   V02  r e m a i n s   a t   a b o u t   4  v o l t s .   The  v o l t a g e s  

V01  and  V02  s a t i s f y   t h e   f o l l o w i n g   i n e q u a l i t i e s .  

The  v o l t a g e s   V01  and  V02  a r e   a p p l i e d   to  t h e   MOS  t r a n s i s t o r s  

Q22  and  Q24  of  t h e   s e c o n d   d i f f e r e n t i a l   a m p l i f i e r   w h i c h  

s e r v e s   as  an  i n v e r t e r ,   so  t h a t   t h e   d i f f e r e n t i a l   a m p l i f i e r  

p r o d u c e s   two  o u t p u t   v o l t a g e s   V '01   and  V '02   whose   v a l u e s  

a r e   a b o u t   4  v o l t s   and  0 .8   v o l t ,   r e s p e c t i v e l y .   T h u s ,   t h e  

d i f f e r e n c e   2Vd  b e t w e e n   t h e   v o l t a g e s   Vi1  and  Vi2  i s   a m p l i f i e d  

by  t h e   f i r s t   d i f f e r e n t i a l   a m p l i f i e r   and  t he   d i f f e r e n c e  

2V 'd   b e t w e e n   t h e   v o l t a g e s   V01  and  V02  i s   a m p l i f i e d   by  t h e  

s e c o n d   d i f f e r e n t i a l   a m p l i f i e r .   As  a  r e s u l t ,   t h e   d i f f e r e n c e  

2V"d  b e t w e e n   t h e   v o l t a g e s   V '01   and  V '02   w h i c h   i s   a t   a  TTL 

l e v e l   can  be  o b t a i n e d .  

When  t h e   i n p u t   v o l t a g e   Vi1  i s   c h a n g e d   from  h i g h   t o  

low  and  t he   i n p u t   v o l t a g e   Vi2  i s   c h a n g e d   f rom  low  to   h i g h  

as  shown  in  F i g .   4,  t h e   MOS  t r a n s i s t o r   Q12  c u t s   o f f   a n d  

t h e   MOS  t r a n s i s t o r   Q14  c o n d u c t s   so  t h a t   t h e   v o l t a g e s   V01  
and  V02  o u t p u t t e d   f rom  t h e   f i r s t   d i f f e r e n t i a l   a m p l i f i e r  

a r e   c h a n g e d .   As  a  r e s u l t ,   t h e   MOS  t r a n s i s t o r   Q22  c o n d u c t s  

and  t h e   MOS  t r a n s i s t o r   Q24  c u t s   o f f   so  t h a t   the   v o l t a g e s  

V ' 0 1   and  V '02   o u t p u t t e d   f rom  the   s e c o n d   d i f f e r e n t i a l  

a m p l i f i e r   a re   a l s o   c h a n g e d .   In  t h i s   c a s e ,   t h e   i n p u t  

v o l t a g e s   Vi1  and  Vi2  and  t h e   v o l t a g e s   V01  and  V02  s a t i s f y  



t h e   f o l l o w i n g   i n e q u a l i t i e s .  

The  s e n s i n g   s p e e d   of  t h e   s e n s e   a m p l i f i e r   c i r c u i t   of  F i g .   3 

can  be  r e p r e s e n t e d   by  1 / ( t 1 + t 2 )   w h e r e i n   t1  and  t2  a r e  

d e l a y   t i m e s   of  t h e   f i r s t   and  s e c o n d   d i f f e r e n t i a l   a m p l i f i e r s ,  

r e s p e c t i v e l y .   In  a d d i t i o n ,   t h e   v a l u e   1 / t 1   d e p e n d s   u p o n  

ΔV1  w h i c h   e q u a l s   | V i 1 - ( V R 1 + V t h ) |   or   | V i 2 - ( V R 2 + V t h ) | ,   w h i l e  

t h e   v a l u e   1 / t 2   d e p e n d s   upon  ΔV2  wh ich   e q u a l s   | V 0 1 - ( V R 2 + V t h ) |  
or   | V 0 2 - ( V R 2 + V t h ) | .  

In  t h e   s e n s e   a m p l i f i e r   c i r c u i t   of  F i g .   3,  t h e  

v o l t a g e s   VR1  and  VR2  a r e   a l m o s t   c o n s t a n t   so  t h a t   t h e  

v a l u e s   ΔV1  and  ΔV2  c a n n o t   be  g r e a t e r   t h a n   a  d e f i n i t e  

v a l u e ,   i . e . ,   t h e   v a l u e s   1 / t l   and  1 / t 2   c a n n o t   g r e a t e r   t h a n  

a  d e f i n i t e   v a l u e .   In  a d d i t i o n ,   t h e   s e n s i n g   o p e r a t i o n   c a n  

be  p e r f o r m e d   by  u s i n g   t w o - s t a g e   a m p l i f i c a t i o n .   As  a  

r e s u l t ,   t h e   s e n s i n g   s p e e d   by  t h e   c i r c u i t   of  F i g .   3  i s   l o w .  

F u r t h e r ,   when  t h e   power   s u p p l y   v o l t a g e   i s   c h a n g e d ,   t h e  

r e f e r e n c e   v o l t a g e s   VR1  and  VR2  a r e   a l s o   c h a n g e d ,   w h i c h  

e n a b l e   t h e   s e n s i n g   o p e r a t i o n   to   be  u n s t a b l e .   F u r t h e r m o r e ,  

a t   w o r s t ,   i t   may  h a p p e n   t h a t   t h e   v o l t a g e   Vi1  and  Vi2  d o  

n o t   s a t i s f y   t h e   i n e q u a l i t i e s   (1)  and  (2)  (or   ( 1 ) '   a n d  

( 2 ) ' )   and  t h e   v o l t a g e s   V01  and  V02  do  n o t   s a t i s f y   t h e  

i n e q u a l i t i e s   (3)  and  (4)  (or   ( 3 ) '   and  ( 4 ) ' ) ,   i . e . ,   t h e  

s e n s i n g   o p e r a t i o n   i s   n o t   p e r f o r m e d .  

F i g .   5  is   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   a  f i r s t  

e m b o d i m e n t   of  t h e   s e n s e   a m p l i f i e r   c i r c u i t   of  t h e   p r e s e n t  

i n v e n t i o n .   The  s e n s e   a m p l i f i e r   c i r c u i t   of  F i g .   5  i s  

a p p l i e d   to   t h e   c a s e   w h e r e i n   o n l y   one  d i f f e r e n t i a l   o u t p u t  

s i g n a l   i s   n e e d e d .   The  s e n s e   a m p l i f i e r   c i r c u i t   c o m p r i s e s  

one  d i f f e r e n t i a l   a m p l i f i e r   fo rmed   by  f o u r   MOS  t r a n s i s t o r s  

Q 1 1  ,   Q 1 2  ,   Q13  and  Q14  and  a  r e f e r e n c e   MOS  t r a n s i s t o r  

Q15.  One  o u t p u t   v o l t a g e   V02  of  t he   d i f f e r e n t i a l   a m p l i f i e r  

i s   f e e d b a c k   to   t h e   g a t e   of  t h e   MOS  t r a n s i s t o r   Q15  so  t h a t  

t h e   r e f e r e n c e   v o l t a g e   V 'Rl   i s   v a r i a b l e .  



The  o p e r a t i o n   of  t h e   s e n s e   a m p l i f i e r   c i r c u i t   o f  

F i g .   5  w i l l   be  e x p l a i n e d   b e l o w .   F i g .   6  i s   a  t i m i n g   d i a g r a m  

s h o w i n g   t h e   s i g n a l s   a p p e a r i n g   in  t h e   s e n s e   a m p l i f i e r  

c i r c u i t   of  F i g .   5.  R e f e r r i n g   to   F i g .   6,  when  t h e   i n p u t  

v o l t a g e s   Vi1  and  Vi2  whose   v a l u e s   a r e ,   f o r   e x a m p l e ,   4  v o l t s  

( h i g h   l e v e l )   and  3  v o l t s   ( low  l e v e l ) ,   r e s p e c t i v e l y ,   a r e  

a p p l i e d   to   t h e   MOS  t r a n s i s t o r s   Q12  and  Q 1 4  ,   r e s p e c t i v e l y ,  

t h e   v o l t a g e   V02  b e c o m e s   h i g h e r   t h a n   t h e   v o l t a g e   V01.  As  a  

r e s u l t ,   t h e   c o n d u c t a n c e   of  t h e   MOS  t r a n s i s t o r   Q15  b e c o m e s  

v e r y   l a r g e   so  t h a t   t h e   r e f e r e n c e   v o l t a g e   V 'Rl   b e c o m e s   l o w ,  

w h i c h   m a k e s   t h e   c o n d u c t a n c e   of  t h e   MOS  t r a n s i s t o r   Q12  t o  

be  v e r y   l a r g e .   T h e r e f o r e ,   t h e   o u t p u t   v o l t a g e   V01  i s   v e r y  

s m a l l .   In  t h i s   c a s e ,   t h e   MOS  t r a n s i s t o r   Q14  i s   a l s o  

c o n d u c t i v e ,   b u t   t h e   c o n d u c t a n c e   of  t h e   MOS  t r a n s i s t o r   Q14 
i s   s m a l l e r   t h a n   t h a t   of  t h e   MOS  t r a n s i s t o r   Q 1 2 .  

N e x t ,   when  t h e   i n p u t   v o l t a g e   Vi1  i s   c h a n g e d   f r o m  

h i g h   to   low  and  t h e   i n p u t   v o l t a g e   Vi2  i s   c h a n g e d   from  l o w  

to   h i g h ,   t h e   c o n d u c t a n c e   of  t h e   MOS  t r a n s i s t o r   Q14  b e c o m e s  

l a r g e   so  t h a t   t h e   v o l t a g e   V02  i s   d e c r e a s e d .   T h e r e f o r e ,  

t h e   c o n d u c t a n c e   of  t h e   MOS  t r a n s i s t o r   Q15  b e c o m e s   s m a l l   s o  

t h a t   t h e   r e f e r e n c e   v o l t a g e   V'R1  i s   i n c r e a s e d   as  i l l u s t r a t e d  

in   F i g .   6.  In  t h i s   c a s e ,   i f   t h e   d i f f e r e n c e   ΔV2  in  p o t e n t i a l  

b e t w e e n   t h e   i n p u t   v o l t a g e   Vi1  and  t h e   r e f e r e n c e   v o l t a g e  

V ' R l   i s   s m a l l e r   t h a n   t h e   t h r e s h o l d   v o l t a g e   Vth  whose   v a l u e  

i s ,   f o r   e x a m p l e ,   0 .7   v o l t ,   t h e   MOS  t r a n s i s t o r   Q12  c u t s   o f f  

so  t h a t   t h e   o u t p u t   v o l t a g e   V01  i s   r a p i d l y   i n c r e a s e d .  

T h u s ,   when  t h e   i n p u t   v o l t a g e   Vi1  i s   h i g h ,   t h e   d i f f e r e n c e  

AV1  in  p o t e n t i a l   b e t w e e n   t h e   i n p u t   v o l t a g e   Vi1  and  t h e  

r e f e r e n c e   v o l t a g e   V'R1  i s   much  l a r g e r   t h a n   V t h  ,   a n d  

c o n t r a r y   to   t h i s ,   when  t h e   i n p u t   v o l t a g e   Vi1  i s   low,  t h e  

d i f f e r e n c e  Δ V 2   in  p o t e n t i a l   b e t w e e n   t h e   i n p u t   v o l t a g e   V i 1  
and  t h e   r e f e r e n c e   v o l t a g e   V'R1  i s   s m a l l e r   t h a n   Vth .   As  a  

r e s u l t   of  t h i s ,   a  h i g h   s e n s i n g   s p e e d   whose   v a l u e   c o r r e s p o n d s  

to   1 / t 3   in   F i g .   6  can   be  o b t a i n e d .   In  a d d i t i o n ,   a  s t a b l e  

s e n s i n g   o p e r a t i o n   can   be  a l s o   o b t a i n e d ,   s i n c e   i f   t h e   i n p u t  

v o l t a g e   Vi1  i s   i n c r e a s e d   due  to   t h e   i n c r e a s e   of  a  p o w e r  

s u p p l y   v o l t a g e ,   t h e   i n p u t   v o l t a g e   Vi2  i s   a l s o   i n c r e a s e d   s o  



t h a t   t h e   o u t p u t   v o l t a g e s   V01  and  V02  a r e   d e c r e a s e d   and  t h e  

r e f e r e n c e   v o l t a g e   V'R1  i s   i n c r e a s e d .  

F i g .   7  i s   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   a  s e c o n d  

e m b o d i m e n t   of  t he   s e n s e   a m p l i f i e r   c i r c u i t   of  t h e   p r e s e n t  
i n v e n t i o n .   The  s e n s e   a m p l i f i e r   c i r c u i t   of  F i g .   7  f u r t h e r  

c o m p r i s e s   a  r e f e r e n c e   MOS  t r a n s i s t o r   Q ' 1 5  ,   in   a d d i t i o n   t o  
t h e   s e n s e   a m p l i f i e r   c i r c u i t   of  F i g .   5.  The  g a t e   of  t h e  

MOS  t r a n s i s t o r   Q'15  r e c e i v e s   t h e   i n p u t   v o l t a g e   Vi1  s o  

t h a t   t h e   r e f e r e n c e   v o l t a g e   V'R1  can   be  a l s o   o b t a i n e d   a s  
i l l u s t r a t e d   in   F i g .   6.  T h e r e f o r e ,   t h e   o p e r a t i o n   of  t h e  

s e n s e   a m p l i f i e r   c i r c u i t   of  F i g .   7  i s   s i m i l a r   to   t h a t   o f  

t h e   s e n s e   a m p l i f i e r   c i r c u i t   of  F i g .   5.  H o w e v e r ,   t h e  

f o r m e r   o p e r a t i o n   ( F i g .   7)  i s   more   r e l i a b l e   t h a n   t h e   l a t t e r  

o p e r a t i o n   ( F i g .   5 ) .  

F i g .   8  i s   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   a  t h i r d  

e m b o d i m e n t   of  t h e   s e n s e   a m p l i f i e r   c i r c u i t   of  t h e   p r e s e n t  
i n v e n t i o n .   T h i s   s e n s e   a m p l i f i e r   c i r c u i t   i s   a p p l i e d   to  t h e  

c a s e   w h e r e i n   two  d i f f e r e n t i a l   o u t p u t   s i g n a l s   a r e   n e e d e d .  

The  s e n s e   a m p l i f i e r   c i r c u i t   c o m p r i s e s   a  f i r s t   d i f f e r e n t i a l  

a m p l i f i e r   f o r m e d   by  f o u r   MOS  t r a n s i s t o r s   Q 1 1  ,   Q 1 2  ,   Q13 
and  Q 1 4  ,   a  r e f e r e n c e   MOS  t r a n s i s t o r   Q 1 5  ,   a  s e c o n d   d i f f e r e n -  

t i a l   a m p l i f i e r   f o rmed   by  f o u r   MOS  t r a n s i s t o r s   Q 2 1  '   Q 2 2  ,  

Q23  and  Q24  and  a  r e f e r e n c e   MOS  t r a n s i s t o r   Q25.  T h e  

r e f e r e n c e   MOS  t r a n s i s t o r   Q15  i s   c o n t r o l l e d   by  one  o u t p u t  

v o l t a g e   V01  of  t h e   s e c o n d   d i f f e r e n t i a l   a m p l i f i e r   w h o s e  

p h a s e   i s   t h e   same  as  t h a t   of  t h e   f i r s t   i n p u t   v o l t a g e   V i 1  ,  
w h i l e   t h e   r e f e r e n c e   MOS  t r a n s i s t o r   Q25  i s   c o n t r o l l e d   b y  

one  o u t p u t   v o l t a g e   V02  of  t h e   f i r s t   d i f f e r e n t i a l   a m p l i f i e r  

whose   p h a s e   i s   t he   same  as  t h a t   of  t h e   s e c o n d   i n p u t   v o l t a g e  

Vi2 .   Though   t h e   s e n s e   a m p l i f e r   c i r c u i t   c o m p r i s e s   t w o  

d i f f e r e n t i a l   a m p l i f i e r s ,   t h e   d i f f e r e n t i a l   a m p l i f i e r s   c a n  

o p e r a t e   s i m u l t a n e o u s l y   wh ich   means   t h a t   t h e   s e n s i n g   o p e r a t i o n  

can  be  p e r f o r m e d   by  u s i n g   o n e - s t a g e   a m p l i f i c a t i o n .  

The  o p e r a t i o n   of  t h e   s e n s e   a m p l i f e r   c i r c u i t   o f  

F i g .   8  w i l l   be  e x p l a i n e d   b e l o w .   F i g .   9  i s   a  t i m i n g   d i a g r a m  

s h o w i n g   t h e   s i g n a l s   a p p e a r i n g   in  t h e   s e n s e   a m p l i f i e r  
c i r c u i t   of  F i g .   8.  R e f e r r i n g   to  F i g .   9,  when  t he   i n p u t  



v o l t a g e   Vi l   and  Vi2  whose   v a l u e s   a r e ,   f o r   e x a m p l e ,   4  v o l t s  

( h i g h   l e v e l )   and  3  v o l t s   ( low  l e v e l ) ,   r e s p e c t i v e l y ,   a r e  

a p p l i e d   to   t h e   MOS  t r a n s i s t o r s   Q 1 2  ,   Q24  and  t h e   MOS 

t r a n s i s t o r s   Q14  and  Q 2 2  ,   r e s p e c t i v e l y ,   t h e   c o n d u c t a n c e   o f  

t h e   MOS  t r a n s i s t o r   Q12  b e c o m e s   h i g h e r   t h a n   t h a t   of  t h e   MOS 

t r a n s i s t o r   Q14  so  t h a t   t h e   o u t p u t   v o l t a g e   V02  b e c o m e s   l o w .  

As  a  r e s u l t ,   t h e   c o n d u c t a n c e   of  t h e   MOS  t r a n s i s t o r   Q25 
b e c o m e s   s m a l l   so  t h a t   t h e   r e f e r e n c e   v o l t a g e   V'R2  b e c o m e s  

h i g h .   S i m i l a r l y ,   t h e   o u t p u t   v o l t a g e   V01  b e c o m e s   h i g h   a n d  

t h e   r e f e r e n c e   v o l t a g e   V'R1  b e c o m e s   low.   As  can   be  u n d e r s t o o d  

f rom  F i g .   9,  s i n c e   t h e   d i f f e r e n c e s   ΔV11  ,   ΔV12  and  ΔV21  i n  

p o t e n t i a l   a r e   much  l a r g e r   t h a n   Vth  whose   v a l u e   i s ,   f o r  

e x a m p l e ,   0.7  v o l t ,   t h e   MOS  t r a n s i s t o r s   Q 1 2  '   Q14  and  Q24 
a r e   c o n d u c t i v e .   C o n t r a r y   to  t h i s ,   s i n c e   t h e   d i f f e r e n c e  

ΔV22  i s   s m a l l e r   t h a n   V t h  ,   t h e   MOS  t r a n s i s t o r   Q22  i s  

n o n - c o n d u c t i v e .  

N e x t ,   when  t h e   i n p u t   v o l t a g e   Vi1  i s   c h a n g e d   f r o m  

h i g h   to   low  and  t h e   i n p u t   v o l t a g e   Vi2  i s   c h a n g e d   f rom  l o w  

to   h i g h ,   t h e   c o n d u c t a n c e   of  t h e   MOS  t r a n s i s t o r   Q14  b e c o m e s  

h i g h e r   t h a n   t h a t   of  t h e   MOS  t r a n s i s t o r   Q12  so  t h a t   t h e  

o u t p u t   v o l t a g e   V02  b e c o m e s   h i g h .   As  a  r e s u l t ,   t h e   c o n d u c t -  

a n c e   of  t h e   MOS  t r a n s i s t o r   Q25  b e c o m e s   h i g h   so  t h a t   t h e  

r e f e r e n c e   v o l t a g e   V'R2  b e c o m e s   low.   As  a  r e s u l t ,   t h e   MOS 

t r a n s i s t o r   Q22  r a p i d l y   c o n d u c t s ,   w h i c h   i n v i t e s   t h e   r a p i d  

d e c r e a s e   of  t h e   o u t p u t   v o l t a g e   V01.  S i m i l a r l y ,   t h e   o u t p u t  

v o l t a g e   V01  b e c o m e s   low  and  t h e   r e f e r e n c e   v o l t a g e   V ' R 1  
b e c o m e s   h i g h   so  t h a t   t h e   MOS  t r a n s i s t o r   Q12  r a p i d l y   c u t s  

o f f ,   w h i c h   i n v i t e s   t h e   r a p i d   i n c r e a s e   of  t h e   o u t p u t   v o l t a g e  

V 0 2 .  
A f t e r   t h a t ,   as  can  be  u n d e r s t o o d   f rom  F i g .   9,  s i n c e  

t h e   d i f f e r e n c e   Δ V ' 1 1  ,   ΔV'21  and  Δ V ' 2 2  i n   p o t e n t i a l   a r e  

much  l a r g e r   t h a n   V t h  ,   t h e   MOS  t r a n s i s t o r s   Q 1 4  ,   Q22  a n d  

Q24  a r e   c o n d u c t i v e .   C o n t r a r y   to   t h i s ,   s i n c e   t h e   d i f f e r e n c e  

ΔV'12   i s   s m a l l e r   t h a n   V t h  ,   t h e   MOS  t r a n s i s t o r   Q12  i s  

n o n - c o n d u c t i v e .   By  u s i n g   t h e   s e n s e   a m p l i f i e r   c i r c u i t   o f  

F i g .   8,  h i g h   and  s t a b l e   s e n s i n g   s p e e d   w h o s e   v a l u e   c o r r e s p o n d s  

to   1 / t 3   in   F i g .   9  can   be  o b t a i n e d   due  to   t h e   same  r e a s o n  



as  m e n t i o n e d   in   t he   d e s c r i p t i o n s   w i t h   r e g a r d   to  F i g .   5 .  

F i g s .   10,  11A  and  11B  a r e   c i r c u i t   d i a g r a m s   i l l u s -  

t r a t i n g   f o u r t h ,   f i f t h ,   and  s i x t h   e m b o d i m e n t s   of  t h e   s e n s e  

a m p l i f i e r   c i r c u i t   of  t h e   p r e s e n t   i n v e n t i o n .   In  F i g .   1 0 ,  

t h e   r e f e r e n c e   MOS  t r a n s i s t o r s   Q15  and  Q25  a r e   c o n t r o l l e d  

by  t h e   i n p u t   v o l t a g e s   ViI   and  V i 2  ,   r e s p e c t i v e l y .   I n  

F i g .   11A,  t h e   r e f e r e n c e   MOS  t r a n s i s t o r   Q15  i s   c o n t r o l l e d  

by  t h e   o u t p u t   v o l t a g e   V01  whose  p h a s e   i s   t h e   same  as  t h a t  

of  t h e   i n p u t   v o l t a g e   Vi l   and  t h e   r e f e r e n c e   MOS  t r a n s i s t o r  

Q25  i s   c o n t r o l l e d   by  t he   i n p u t   v o l t a g e   Vi2 .   In  F i g .   1 1 B ,  

t he   r e f e r e n c e   MOS  t r a n s i s t o r   Q15  i s   c o n t r o l l e d   by  t h e  

i n p u t   v o l t a g e   Vi1  and  t h e   r e f e r e n c e   MOS  t r a n s i s t o r   Q25  i s  

c o n t r o l l e d   by  t h e   o u t p u t   v o l t a g e   V02  whose   p h a s e   i s   t h e  

same  as  t h a t   of  t h e   i n p u t   v o l t a g e   Vi2 .   The  o p e r a t i o n s   o f  

t h e s e   s e n s e   a m p l i f i e r   c i r c u i t s   of  F i g s .   10,  11A  and  11B 

a r e   s i m i l a r   to   t h a t   of  t he   s e n s e   a m p l i f i e r   c i r c u i t   o f  

F i g .   8 .  

F i g .   12  i s   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   a  s e v e n t h  

e m b o d i m e n t   of  t h e   s e n s e   a m p l i f i e r   c i r c u i t   of  t h e   p r e s e n t  

i n v e n t i o n .   The  s e n s e   a m p l i f i e r   c i r c u i t   of  F i g .   12  f u r t h e r  

c o m p r i s e s   a  r e f e r e n c e   MOS  t r a n s i s t o r   Q '15  c o n n e c t e d   i n  

p a r a l l e l   to   t h e   r e f e r e n c e   MOS  t r a n s i s t o r   Q15  a n d  a   r e f e r e n c e  

MOS  t r a n s i s t o r   Q '25   c o n n e c t e d   in  p a r a l l e l   to  t he   r e f e r e n c e  

MOS  t r a n s i s t o r   Q 2 5  ,   in  a d d i t i o n   to  t h e   s e n s e   a m p l i f i e r  

c i r c u i t   of  F i g .   8.  The  r e f e r e n c e   MOS  t r a n s i s t o r   Q'15  i s  

c o n t r o l l e d   by  an  o u t p u t   v o l t a g e   of  t h e   f i r s t   d i f f e r e n t i a l  

a m p l i f i e r   whose   p h a s e   i s   t h e   same  as  t h a t   of  t he   i n p u t  

v o l t a g e   Vi1  and  t h e   r e f e r e n c e   MOS  t r a n s i s t o r   Q '25   i s  

c o n t r o l l e d   by  an  o u t p u t   v o l t a g e   of  t h e   s e c o n d   d i f f e r e n t i a l  

a m p l i f i e r   whose   p h a s e   i s   t h e   same  as  t h a t   of  t he   i n p u t  

v o l t a g e   V i 2 .   The  o p e r a t i o n   of  t h e   s e n s e   a m p l i f i e r   c i r c u i t  

of  F i g .   1 2  i s   s i m i l a r   to  t h a t   of  t h e   s e n s e   a m p l i f i e r  

c i r c u i t   of  F i g .   8.  H o w e v e r ,   t he   f o r m e r   o p e r a t i o n   ( F i g .   12)  

is   more  r e l i a b l e   t h a n   t h e   l a t t e r   o p e r a t i o n   ( F i g .   8 ) .  

In  F i g .   12,  t he   r e f e r e n c e   MOS  t r a n s i s t o r s   Q'15  a n d  

Q'25  a r e   c o n t r o l l e d   by  the   o u t p u t   v o l t a g e s   of  t he   f i r s t  

and  s e c o n d   d i f f e r e n t i a l   a m p l i f i e r s .   Howeve r ,   i t   s h o u l d   b e  



n o t e d   t h a t   t h e   r e f e r e n c e   MOS  t r a n s i s t o r s   Q '15   and  Q '25   c a n  

be  c o n t r o l l e d   by  t h e   i n p u t   v o l t a g e s   ViI   and  V i 2  ,  
r e s p e c t i v e l y .  

As  e x p l a i n e d   h e r e i n b e f o r e ,   t h e   s e n s e   a m p l i f i e r  

c i r c u i t   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   has   t h e   f o l l o w i n g  

a d v a n t a g e s   as  c o m p a r e d   w i t h   t h o s e   of  t h e   p r i o r   a r t .  

(1)  H igh   s e n s i n g   s p e e d   can   be  o b t a i n e d ,   s i n c e   t h e  

c o n d u c t a n c e s   of  t h e   i n p u t   t r a n s i s t o r s   a r e   f o r c e d   to   b e  

l a r g e   by  c o n t r o l l i n g   t h e   c o r r e s p o n d i n g   r e f e r e n c e   t r a n s i s t o r s  

and  t h e   s e n s i n g   o p e r a t i o n   i s   p e r f o r m e d   by  o n e - s t a g e  

a m p l i f i c a t i o n .  

(2)  S t a b l e   s e n s i n g   o p e r a t i o n   can   be  o b t a i n e d ,  

s i n c e   t h e   r e f e r e n c e   v o l t a g e s   of  t h e   d i f f e r e n t i a l   a m p l i f i e r s  

a r e   v a r i a b l e ,   r e s p o n s i v e   to   t h e   c h a n g e s   of  t h e   i n p u t  

v o l t a g e s   w h i c h   e x c l u d e s   t h e   i n f l u e n c e   of  t h e   f l u c t u a t i o n  

of  t h e   p o w e r   s u p p l y   v o l t a g e .  



1.  A  s e n s e   a m p l i f i e r   c i r c u i t   c o m p r i s i n g :  

a  d i f f e r e n t i a l   a m p l i f i e r ,   c o n n e c t e d   to  a  

f i r s t   power   s u p p l y   l i n e   (VDD),  wh ich   r e c e i v e s   f i r s t   a n d  

s e c o n d   i n p u t   s i g n a l s   w i t h   d i f f e r e n t   p h a s e s ,   a n d ;  

a  f i r s t   r e f e r e n c e   t r a n s i s t o r   c o n n e c t e d  

b e t w e e n   s a i d   d i f f e r e n t i a l   a m p l i f i e r   and  a  s e c o n d   p o w e r  

s u p p l y   l i n e   (Vss )   and  c o n t r o l l e d   by  a  f i r s t   o u t p u t   s i g n a l  

of  s a i d   d i f f e r e n t i a l   a m p l i f i e r   whose   p h a s e   i s   t h e   same  a s  

t h a t   of  s a i d   f i r s t   i n p u t   s i g n a l ,  

w h e r e b y   a  s e c o n d   o u t p u t   s i g n a l   of  s a i d  

d i f f e r e n t i a l   a m p l i f i e r   whose  p h a s e   i s   t h e   same  as  t h a t   o f  

s a i d   s e c o n d   i n p u t   s i g n a l   s e r v e s   as  an  o u t p u t   s i g n a l   o f  

s a i d   s e n s e   a m p l i f i e r   c i r c u i t .  

2.  A  c i r c u i t   as  s e t   f o r t h   in  c l a i m   1,  f u r t h e r  

c o m p r i s i n g   a  s e c o n d   r e f e r e n c e   t r a n s i s t o r   c o n n e c t e d   i n  

p a r a l l e l   w i t h   s a i d   f i r s t   r e f e r e n c e   t r a n s i s t o r   and  c o n t r o l l e d  

by  s a i d   f i r s t   i n p u t   s i g n a l .  

3.  A  s e n s e   a m p l i f i e r   c i r c u i t   c o m p r i s i n g :  

f i r s t   and  s e c o n d   d i f f e r e n t i a l   a m p l i f i e r s ,  

c o n n e c t e d   to  a  f i r s t   power   s u p p l y   l i n e   (VDD),  which   r e c e i v e s  

f i r s t   and  s e c o n d   i n p u t   s i g n a l s   w i t h   d i f f e r e n t   p h a s e s ;  

a  f i r s t   r e f e r e n c e   t r a n s i s t o r   c o n n e c t e d  

b e t w e e n   s a i d   f i r s t   d i f f e r e n t i a l   a m p l i f i e r   and  a  s e c o n d  

p o w e r   s u p p l y   l i n e   (Vss)   and  c o n t r o l l e d   by  a  f i r s t   o u t p u t  

s i g n a l   of  s a i d   s e c o n d   d i f f e r e n t i a l   a m p l i f i e r   whose  p h a s e  

i s   t h e   same  as  t h a t   of  s a i d   f i r s t   i n p u t   s i g n a l ,   a n d ;  

a  s e c o n d   r e f e r e n c e   t r a n s i s t o r   c o n n e c t e d  

b e t w e e n   s a i d   s e c o n d   d i f f e r e n t i a l   a m p l i f i e r   and  s a i d   s e c o n d  

power   s u p p l y   l i n e   (VSS)  and  c o n t r o l l e d   by  a  f i r s t   o u t p u t  

s i g n a l   of  s a i d   f i r s t   d i f f e r e n t i a l   a m p l i f i e r   whose  p h a s e   i s  

t h e   same  as  t h a t   of  s a i d   s e c o n d   i n p u t   s i g n a l ;  

w h e r e b y   a  s e c o n d   o u t p u t   s i g n a l   of  s a i d  

f i r s t   d i f f e r e n t i a l   a m p l i f i e r   and  a  s e c o n d   o u t p u t   s i g n a l   o f  

s a i d   s e c o n d   d i f f e r e n t i a l   a m p l i f i e r   whose   p h a s e s   a re   t h e  

same  as  t h o s e   of  s a i d   s e c o n d   and  f i r s t   i n p u t   s i g n a l s ,  

r e s p e c t i v e l y ,   s e r v e   as  two  o u t p u t   s i g n a l s   of  s a i d   s e n s e  



a m p l i f i e r   c i r c u i t .  

4.  A  c i r c u i t   as  s e t   f o r t h   in  c l a i m   3,  f u r t h e r  

c o m p r i s i n g   a  t h i r d   r e f e r e n c e   t r a n s i s t o r   c o n n e c t e d   i n  

p a r a l l e l   to   s a i d   f i r s t   r e f e r e n c e   t r a n s i s t o r   and  c o n t r o l l e d  

by  s a i d   f i r s t   i n p u t   s i g n a l .  

5.  A  c i r c u i t   as  s e t   f o r t h   in  c l a i m   3,  f u r t h e r  

c o m p r i s i n g   a  f o u r t h   r e f e r e n c e   t r a n s i s t o r   c o n n e c t e d   i n  

p a r a l l e l   to   s a i d   s e c o n d   r e f e r e n c e   t r a n s i s t o r   and  c o n t r o l l e d  

by  s a i d   s e c o n d   i n p u t   s i g n a l .  

6.  A  c i r c u i t   as  s e t   f o r t h   in  c l a i m   3,  f u r t h e r  

c o m p r i s i n g   a  f i f t h   r e f e r e n c e   t r a n s i s t o r   c o n n e c t e d   i n  

p a r a l l e l   to   s a i d   f i r s t   t r a n s i s t o r   and  c o n t r o l l e d   by  s a i d  

s e c o n d   o u t p u t   s i g n a l   of  s a i d   f i r s t   d i f f e r e n t i a l   a m p l i f i e r .  

7.  A  c i r c u i t   as  s e t   f o r t h   in   c l a i m   3,  f u r t h e r  

c o m p r i s i n g   a  s i x t h   r e f e r e n c e   t r a n s i s t o r   c o n n e c t e d   i n  

p a r a l l e l   to   s a i d   s e c o n d   r e f e r e n c e   t r a n s i s t o r   and  c o n t r o l l e d  

by  s a i d   s e c o n d   o u t p u t   s i g n a l   of  s a i d   s e c o n d   d i f f e r e n t i a l  

a m p l i f i e r .  

8.  A  s e n s e   a m p l i f i e r   c i r c u i t   c o m p r i s i n g :  

f i r s t   and  s e c o n d   d i f f e r e n t i a l   a m p l i f i e r s  

c o n n e c t e d   to   a  f i r s t   p o w e r   s u p p l y   l i n e   (VDD),  wh ich   r e c e i v e s  

f i r s t   and  s e c o n d   i n p u t   s i g n a l s   w i t h   d i f f e r e n t   p h a s e s ;  

a  f i r s t   r e f e r e n c e   t r a n s i s t o r   c o n n e c t e d  

b e t w e e n   s a i d   f i r s t   d i f f e r e n t i a l   a m p l i f i e r   and  a  s e c o n d  

p o w e r   s u p p l y   l i n e   (Vss )   and  c o n t r o l l e d   by  s a i d   f i r s t   i n p u t  

s i g n a l ,   a n d ;  

a  s e c o n d   r e f e r e n c e   t r a n s i s t o r   c o n n e c t e d  

b e t w e e n   s a i d   s e c o n d   d i f f e r e n t i a l   a m p l i f i e r   and  s a i d   s e c o n d  

p o w e r   s u p p l y   l i n e   (Vss )   and  c o n t r o l l e d   by  a  f i r s t   o u t p u t  

s i g n a l   of  f i r s t   d i f f e r e n t i a l   a m p l i f i e r   whose  p h a s e   i s   t h e  

same  as  t h a t   of  s a i d   s e c o o n d   i n p u t   s i g n a l ,  

w h e r e b y   a  s e c o n d   o u t p u t   s i g n a l   of  s a i d  

f i r s t   d i f f e r e n t i a l   a m p l i f i e r   and  a  f i r s t   o u t p u t   s i g n a l   o f  

s a i d   s e c o n d   d i f f e r e n t i a l   a m p l i f i e r   whose   p h a s e s   a r e   t h e  

same  as  t h o s e   of  s a i d   s e c o n d   and  f i r s t   i n p u t   s i g n a l s ,  

r e s p e c t i v e l y ,   s e r v e   as  two  o u t p u t   s i g n a l s   of  s a i d   s e n s e  

a m p l i f i e r   c i r c u i t .  



9.  A  c i r c u i t   as  s e t   f o r t h   in  any  of  c l a i m s   1,  3 

and  8,  w h e r e i n   e a c h   of  s a i d   d i f f e r e n t i a l   a m p l i f i e r s  

c o m p r i s e s :  

f i r s t   and  s e c o n d   l o a d   t r a n s i s t o r s   c o n n e c t e d  

to  s a i d   f i r s t   power   s u p p l y   l i n e   (VDD),  a n d ;  

f i r s t   and  s e c o n d   i n p u t   t r a n s i s t o r s   c o n n e c t e d  

in  s e r i e s   to   s a i d   f i r s t   and  s e c o n d   l o a d   t r a n s i s t o r s ,  

r e s p e c t i v e l y ,  

w h e r e b y   t h e   g a t e s   of  s a i d   f i r s t   and  s e c o n d  

i n p u t   t r a n s i s t o r s   r e c e i v e   s a i d   f i r s t   and  s e c o n d   i n p u t  

s i g n a l s ,   and  t h e   node  c o n n e c t i n g   s a i d   f i r s t   l o a d   t r a n s i s t o r  

and  s a i d   f i r s t   i n p u t   t r a n s i s t o r   and  t h e   node   c o n n e c t i n g  

s a i d   s e c o n d   l o a d   t r a n s i s t o r   and  s a i d   s e c o n d   i n p u t   t r a n s i s t o r  

p r o d u c e   two  o u t p u t   s i g n a l s   t h e r e o f .  
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